Abstract. The author of the article discusses the subject of terminology in the field of cartographic methodology. The general purpose is to propose an internally consistent system of concepts which allows classification of cartographic presentation methods based on unambiguous criteria. For this purpose, in the article the concept of presentation method and the concept of presentation form were differentiated, the cartographic presentation method was divided into stages, and possible data transformation and visualization aspects during application of a method were specified. Then, review of the previous classifications of cartographic presentation methods was conducted which allows differentiation of two fundamental approaches to classification and comparison of the applied criteria. On this basis, the author's classification of cartographic presentation methods was suggested in which three qualitative and four quantitative methods were differentiated. It constitutes a compromise between accepting unambiguous criteria and the possibility to differentiate methods fixed in cartographic convention.
Introduction
For many years, attempts to arrange terminology in the field of cartographic methodology have been made. There are two types of results of such attempts. On one hand, differentiation of approaches is beneficial as it allows cartographers certain freedom to adjust the assumed definitions and diverse classifications to particular research objectives. Activities aimed at arranging terminology should not aim to achieve one conceptual system or generally applicable classification. However, on the other hand, ambiguity of concepts and the resulting misunderstandings are related to the diversity of terminology used by cartographers. Therefore, the suggested definitions and classifications should most of all form consistent conceptual systems without internal contradictions. The general purpose of the author of the article is to suggest such an internally consistent system of concepts in the field of cartographic methodology which will allow classification of cartographic presentation methods based on unambiguous criteria. This general purpose consists of the following detailed purposes: 1) differentiating the concept of presentation method and presentation form, 2) differentiating stages of the cartographic presentation method, 3) systematization of data transformation and visualization manners in the process of cartographic presentation methods, 4) systematization of approaches to classification of cartographic presentation methods, 5) systematization of classification criteria of cartographic presentation methods, 6) suggestion of classification of cartographic presentation methods.
Presentation method vs. presentation form
"A method is a conscious and repeatable manner of proceedings leading to performance of a given task or solution of a problem" (Meto da 1996) . From such a definition of a method, dualism of the concept of the cartographic method results which depending on the context is understood by cartographers as a method of research or a method of presentation. The purpose of the cartographic research method is the solution of a certain problem using a map as a source of new information. While the purpose of the cartographic presentation method is to transfer certain information from the author to the map user. However, often the concept of cartographic method is used in a different meaning, not only to define the manner of proceedings, but also to determine the final effect of such proceedings (J. Szaflarski 1965 , W. Grygorenko 1970 , L. Ratajski 1989 . In order to achieve terminological explicitness J. Pasławski (1970) differentiated the two meanings. For the final effect of applying a certain cartographic method, understood as a manner of proceedings, he suggested the term a presentation form. The cartographic presentation form is a graphic expression of application of the method and a link connecting the process of cartographic transfer of information, combining the relation between the editor and the map (cartographic presentation method) with the relation between the map and the user ( fig. 1) . On one hand, the cartographic presentation form results from the method of proceedings of a map editor, but on the other -it affects the possibility to enrich knowledge as a result of perception of its content. The term perception in this article is understood broadly as a cognitive process involving not only identification and organization of stimuli, but also their interpretation to reflect and understand the environment (D.L. Schacter et al. 2011) .
Stages of the cartographic presentation method
The theory of cartographic communication of information allows to locate cartography in a broader context as science about communication of the sender of information with its recipient using a specific carrier in the form of a map (A. Kolačny 1969) . Even though the concept model of the author of a map concerning its subject (step 1), the map function (step 2) and availability and selection of data (step 3) constitute important factors impacting cartographic communication of information, most of all issues related to development of a map (step 4) and its use (step 5) concern the map itself directly (T.A. Slocum et al. 2005) . J. Korycka-Skorupa (2002a , 2002b calls step 4 -being a transition from initial data describing reality to its cartographic presentation forma cartographic method and divides it into two subsequent stages ( fig. 1 ). At the first stage, the author of a map transforms input data which at the second stage is visualized, taking a particular form of a map. Transformation of input data directly affects numerous decisions made at the visualization stage due to the necessity to respect universal principles of graphics (J. Bertin 1967 Bertin , 1970 . Only some combinations of the type of data processed and the manner of its visualization are justified and fixed in the cartographic convention, and some are considered to be unacceptable. However, despite the determined relations between the two stage of the process of the cartographic presentation method, they are formally independent, and the presentation form results directly from the manner of visualization. Therefore, after applying various manners of initial data transformation, the same visualization manner of processed data may occur leading to achievement of the same presentation form. Moreover, some statistical maps developed based on quantitative data canthrough a defined transformation and visual ization manner -have a form typical for qualitative methods. Such a situation occurs among others when various types of typologies of spatial units are presented which leads to assigning spatial units to relevant qualitative categories because of transformation of quantitative data. Examples are classification of spatial units into production and consumption areas, i.e. qualitative categories based on the analysis of quantitative indexes (M. Mazur et al. 2015, J. Bański and M. Mazur 2016) .
Systematization of the manners of data transformation and visualization manners in the process of the cartographic presentation method
Numerous researchers have been involved in the process of transition from data to a map (i.a. A.H. Robinson et al. 1978 and M.J. Kraak 1998) . J. Korycka-Skorupa (2002) differentiates four basic planes of initial data transformation, i.e. transformation of the level of measurement of data, the kinds of manner, the nature and the manner of presenting it as well as four basic aspects differentiating the visualization manner, i.e. determination of cartographic symbols, visual variables, the graphic manner of presentation and the legend of a map. As a result, the combination of choices made within four aspects of input data transformation and four aspects of the processed data visualization manner decide about the presentation method.
The term level of measurement is usually understood in a narrow meaning as a level of measurement of data describing non-spatial attributes of phenomena. In this article, the simplest classification of levels of measurement is used: the qualitative level including the nominal measurement scale and the quantitative level with the following scales: the ordinal, the interval, the ratio and the absolute level (P.H. Lindsay and D.A. Norman 1984) . However, the term level of measurement in a broad meaning concerns also two other initial data transformation aspects among the four listed, i.e. the data formulation aspect at the quantitative level -continuous and graduate scales of data as well as the aspects of kinds of data reference are differentiated -there are point references (zero-dimensional), line references (one-dimensional), surface reference (two-dimensional) and volume reference (three-dimensional) (L. Ratajski 1989 , W. Ostrowski 2005 . In the last aspect, there is also absolute and relative data. Four aspects of input data transformation can be therefore reduced to two spheres:
• level of measurement of data (in a broad sense),
• nature of data at the qualitative level of measurement.
The sphere of the level of measurement of data involves the following transformation planes:
• transformation aspect of the level of measurement of data describing non-spatial attributes,
• generalization 1 application plane of data at the quantitative level of measurement de-scribing non-spatial attributes by replacing the continuous scale with the graduate scale with a defined frequency distribution (the plane of the data presentation manner), • possibility to transorm the level of measurement of data (W. Ostrowski 2005) (the plane of the kinds of data reference).
Even though the term visualization is increasingly often used in cartography, it is ambiguous. Usually, it refers to the concept which has been popular since the 90s of the 20th century (D.R.F. Taylor 1991) and it is identified with the cartographic research method, using modern information and communication technologies. Taking etymology of the word visuali zation into account, which refers to expressing content in the graphic form allowing visual perception, the meaning of the term visualization in this article was narrowed down to the second stage of the cartographic presentation method, involving information encoding using visual variables differentiating cartographic symbols. The visualization manner of processed data can be described in four aspects:
• cartographic symbols, • visual variables, • graphic presentation manner, • legend of a map. Cartographic symbols are determined with a number of dimensions. There are point symbols (zero-dimensional), line (one-dimensional), surface (two-dimensional) and volume (threedimensional) symbols (A.H. Robinson et al. 1995) . Due to the two-dimensional nature of maps, volume symbols are the rarest. It is worth noticing that in accordance with the principle of space isomorphism (W. Ostrowski 2008) the visual variable of location is strictly connected to spatial reference of a cartographic symbol, but the number of its dimensions does not have to correspond to the level of measurement of data describing spatial attributes of symbol reference. On statistical maps often a situation occurs where point symbols, e.g. picture symbols or dots, are referred to a statistical space units.
Diversity of the visualization manner results from the selection of visual variables (J. Bertin 1967) and the features of cartographic symbols which do not express information, such as e.g. the size of a dot on a dot map or the shape of diagrams.
The visualization manner also involves the structure of the map legend. Its role is not limited to explanation of particular cartographic symbols; it should also play a role of metadata. Its features determine the manner of using the legend. For instance, after applying a continuous scale of values, using the legend involves estimating values by comparing sizes or the value of symbols on the map with relevant features of standard symbols included in the legend. While, applying a graduate scale, it involves identification of cartographic symbols on the map with standard symbols in the legend. Map users use the legend in various ways due to the manner of data formulation (i.a. I. Frączek 1983, L. Ratajski 1989).
Approaches to the classification of cartographic presentation methods
The term cartographic method remains a term with numerous meanings even after narrowing its meaning down to the cartographic presentation method, its differentiation from the cartographic presentation form and specifying terminology related to the course of particular method stages. It is confirmed among others by the lack of one commonly used definition of the term cartographic presentation method as well as commonly assumed conditions necessary to acknowledge a given manner of proceedings as a separate method, and not a variant or a specific case of another method.
A consequence of this ambiguity is a variety of approaches to the systematics of cartographic presentation methods. The fundamental tool of these systematics is classification. For the needs of this article, it was assumed that classification consists of a set of classified elements and a classifying function, clearly assigning to each of the classified elements determined conditions differentiating them. In the case of classification of cartographic presentation methods, the set of classified elements is a set of all methods, while the classifying function is clear assignment to a particular method a determined manner of initial data transformation and visualization of such data on a map. Two fundamental elements defining this function are: the field -called a criterion of classification in this case and critical valuesbeing limits values within the assumed criterion, separating various methods.
Depending on the assumed priorities, the overly purpose of classification may be: 1) to determine the set of classified elements or 2) to determine criteria and limits values allowing clear differentiation of such elements.
In the case of the first more frequently used approach to classification of cartographic presentation methods, authors seek to differentiate the most known methods, and then name them. The classification criteria are determined as posteriori and they are used to describe the suggested division of methods and not to create its basis. Therefore, numerous authors of classifications of cartographic presentation methods are content with listing them, while the criteria constituting the basis to differentiate them are nor clearly expressed. Determination of the classification criteria is considered to be a secondary action, therefore limits between different methods can have an unclear nature.
Determination of clear limits between methods is possible, if the assumed criteria are not uniform, i.e. different for different methods. The cause of unclear limits or the necessity to refer to diverse criteria results from the fact that they reflect order fixed in time, when theoretical bases of cartography were only being formed. A characteristic of such an approach to classification is also the fact that it is a two--level approach, as determination of a set of methods is preceded with its division into subsets. For instance, a set of all presentation methods differentiated in a given classification is often divided a priori into a subset of qualitative methods and a subset of quantitative methods. The base of the second level of classification usually includes various criteria often functioning at two different stages of a given method, i.e. one concerning the manner of transformation, and the other concerning the manner of data visualization. After differentiating fundamental methods, authors of classifications sometimes differentiate their subtypes which vary significantly, but according to the assumed criteria and limits values they constitute one method.
Common use of criteria related to data transformation causes that only some classifications of cartographic presentation methods can be simultaneously treated as classifications of cartographic presentation forms. A necessary condition entitling to use the term classification of cartographic presentation forms means use of criteria arising only from the manner of processed data visualization.
Systematization of classification criteria of cartographic presentation methods
Diversity of classification methods within the first approach listed above is confirmed by the fact that the number of applied classification criteria exceeds the total number of initial data transformation planes and processed data visualization planes. It results from the fact that often the basis of classification of cartographic presentation methods included criteria which were not related to the method itself understood as a process starting from input data to a cartographic presentation form. In literature, the following criteria of classification within the first approach are included:
A) the manner of occurrence of phenomena in geographical space (the method presenting phenomena occurring in geographical space in a continuous or non-continuous manner) -a criterion applied at the second level of classification (i.a. U. Authors applying the second less frequently represented approach to classify cartographic presentation methods focused on creating a consistent system of criteria and a priori limits values. The effect was a possibility to clearly differentiate methods based on relatively uniform criteria. This approach is useful due to analytical and comparative reasons. However, its fundamental disadvantage is the lack of reference to the cartographic convention concerning classification of presentation methods.
The list of classification criteria of cartographic presentation methods within the second approach is presented in table 1.
From a review of literature it can be concluded that conventionally differentiated presentation methods cannot be described applying consequently uniform criteria and sharp limits values. Application of such criteria -despite being useful -leads to differentiation of methods which are not fixed in the cartographic conventions, such as e.g. methods differentiated based on the criteria from D to G.
Proposal of classification of cartographic presentation methods
The culmination of considerations within this article is a proposal of classification of cartographic presentation methods based on the possibly small number of such uniform criteria which would ensure its unambiguity, and simultaneously refer to previous classifications and conventional terminology. As a starting point, I assumed the classification suggested by J. Korycka-Skorupa (2002) , where criteria B, H and F play the deciding role. An advantage of the classification is the possibility to directly refer the properties of maps developed using cartographic presentation methods to the impact of a determined factor constituting a classification criterion. Among criteria suggested by J. Korycka-Skorupa (2002) , only the number of dimensions of a graphic symbol (criterion F) raises doubts. It causes that in some cases methods are differentiated based on a cartographic presentation form, and not the entire proceedings constituting a presentation method. It is likely, the essence of particular presentation methods would be better reflected by the relation manner of processed data (criterion E). It is also one of the reasons why criteria of the classification do not allow to differentiate the isoline method in which a one-dimensional symbol refers to a three-dimensional surface and the basic quantitative information is encoded in it through the location variable and "multiplication of symbols". The classification is also relatively detailed. Therefore, data presentation methods at the ordinal or quantitative level can be treated jointly because as a rule the base to differentiate them is to apply generalization of quantitative information or its lack, and not one of three listed classification criteria.
Qualitative methods initially presented ideas about objects based on their hypothetical appearance. A natural consequence resulting from the need to maintain the isomorphism principles of space seems to be assumption of the criterion of the relation manner of data (criterion E) for the second level of classification of qualitative methods. However, the criterion is sometimes applied inconsistently. Often, the qualitative method involving data refered to both the point and line data is treated as one method -a pictorial method. While data visualization with surface reference is usually divided Sališčev 1982) . However, in essence, the last method can be treated as a variant of the range method, or even all qualitative methods as it has a unique feature related to the level of measurement of data. Information on a map presented using other qualitative methods occur at the nominal level of measurement. This means that about a certain point on the map it can be only said whether the presented phenomenon covers it with its range or not. On a map prepared using the areal quality method, all points of the presented area are also classified at the nominal level, but it is also possible to assign one of numerous possible qualitative categories to each point on the map, e.g. one of 50 states in the USA. Therefore, the level of measurement of data constitutes a criterion not only at the first, but also at the second level of classification in the case of qualitative methods. At the second level of classification, the criterion of the level of measurement has two different aspects functioning simultaneously. The method of the areal quality is differentiated based on a detailed level of measurement of data describing non-spatial attributes (criterion B), while the pictorial method is differentiated based on the level of measurement of data describing spatial attributes (criterion E). In the case of the pictorial method, further division into point symbols and line symbols seems logical, and therefore due to the number of dimensions of a symbol (criterion F). Criteria applied at the second level of classification of qualitative presentation methods are not sufficient for clear differentiation of quantitative methods. Each of four most frequently differentiated quantitative methods: the dot method, the choropleth method, the diagram method and the isoline method, can occur with any manner of data reference (criterion E). Dots on dot maps can be topographically or uniformly distributed. A diagram may present data referred to a point, a line or a surface. A reference field of a choropleth map is most frequently a determined spatial unit, while the isoline method is used to present processed data in the form of a three-dimensions statistical surface which determined the level of measurement of data describing spatial reference attributes of cartographic symbols. Initial data until the moment of commencing transformation (interpolation) can describe spatial attributes at various levels of measurement. The shape of a surface obtained as a result of applying the isoline method can result from mapping of the actual three--dimensional surface, e.g. surface area or from an abstract statistical surface based on data related to point, line or a surface.
Detailed criterion B cannot be assumed as the basis for classification of quantitative methods.
Quantitative methods can present quantitative data at the ordinal, interval, ratio or absolute level of measurement as well as quantitative data generalized applying frequency distribution.
As opposed to qualitative methods, the basis of the second level of classification of qualitative presentation methods can be a criterion related not only to one stage, but also to one aspect. While, at the second level of the classification of qualitative methods applied in the article, the level of measurement of data describing attributes of phenomena plays a deciding role, the quantitative methods at the second level are classified according to the criterion of visual variable (criterion H). The criterion does not concern data describing attributes of phenomena or their transformation manner, but it results directly from the second stage of cartographic presentation method -the manner of visualization of processed data.
The list of criteria of classification of cartographic presentation methods assumed in this article is presented in fig. 2 . In the case of each of four quantitative methods, the isomorphism principle is kept because of encoding of spatial information using the location visual variable of a symbol (spatial isomorphism). To encode quantitative information, various visual variables were used (isomorphism of content). However, attention must be paid to the case of two methods which concerning the manner of encoding quantitative information are specific. Specificity of the dot method involves expressing quantitative information not by differentiation of symbols using a separate visual variable, but using an appropriate number of identical symbols. Only their total size is proportional to data and it can be treated as a visual variable of size or value. Specificity of the isoline method involves an unusual manner of encoding the basic quantitative information. Particular isolines differ from one another with their location and orientation. Orientation of a line symbol represents the direction of constant data values, i.e. simul-taneously non-spatial information (determined data value) and spatial information (mutual location of points with this value). In this regard, application of the variable of orientation in the isoline method is not similar to the use of visual variables used to encode the basic quantitative information in the case of other quantitative methods which are independent of the location variable.
In the context of relations occurring between data transformation in the cartographic presentation method and classification of methods, it can be stated that it does not determine the possibilities of using a particular quantitative presentation method 2 . The diagram method or the isoline method can present data with an absolute nature (e.g. annual precipitation total) 2 Quantitative methods are definitely more often used to visualize processed data occurring in the graduate or continuous frame and with the point, surface or volume manner of its reference. However, such a general regularity does not constitute a strict rule. or a relative nature (e.g. gross domestic product per resident); while it is assumed that the dot method is used to present data with an absolute nature, and the choropleth method to present data only with a relative nature.
Conclusions
Application of an internally consistent terminological system in scientific research, including cartographic research, is essential. The example of such a system presented in the article shows the benefits of the effort made.
First of all, specification of the meaning of commonly used cartographic terms allow in a logical way to explain numerous phenomena observed by cartographers as well as editing principles which -despite being known, accepted and applied in cartographic practice for many years -can be only justified by the intuition and experience of the editor or fixed convention.
Second of all, application of uniform criteria of classification of cartographic methods allows explanation of properties of maps made using particular methods. Therefore, such classification is extremely useful due to analytical and comparative reasons. However, in the case of cartographic presentation methods, development of such classification is extremely difficult as fixed classifications function in cartography the basis of which are not uniform criteria. The classification suggested in this article constitutes an example of a certain compromise. On one hand, a set of methods compliant with cartographic conventions was obtained, on the other -uniform criteria constituting the basis to classify quantitative methods were obtained which allows their properties to be referred to the impact of a determined factor, and in this case to the visual variable used to encode information.
